Abstract
Introduction
Recently, in order to improve the quality and reliability of the communication system, forward error correction (FEC) technology [1] is widely used in various fields of information processing. There were various kinds of error correcting codes, such as Hamming codes, BCH codes, RS codes and low-density parity-check (LDPC) codes [2] . Quasi-cyclic low-density parity-check (QC-LDPC) codes are of particular interest [3] [4] [5] by virtue of its lower encoding complexity and simpler hardware implementation capacity compared with the random LDPC codes [6, 7] . Generally speaking, the correcting position of error correcting code is unknown in advance. But for a special erasure technique, receivers are able to detect the presence of these time intervals and may choose, accordingly, to erasure some or all of the symbols received during such intervals. This erasure technique causes symbol losses at known locations. Therefore the erasure code can be processed easier than the error correcting code. The erasure codes which adopt the erasure channel model [8] are also known as loss resilient codes [9] . Over a binary erasure channel (commonly called BEC) [10] , erasures occur at random. However, there is another type of binary erasure channel over which erasures cluster into bursts. A channel of this type is called a binary burst erasure channel (BBEC) [11] . In order to resist such burst erasure effectively in high-speed data transmission system, it is very important to find QC-LDPC codes for correcting erasure-bursts.
Combinatorial design theory is a rich field of powerful tools for constructing LDPC codes. And balanced incomplete block design (BIBD) [12] as a branch of combinatorial design has been widely used for constructing LDPC codes. For instance, there has been three types of methods for constructing LDPC codes, such as the traditional method [13] , the improved method based on the decomposition technique [14] [15] which can reduce the density of the parity check matrix and hence reduces the number of the short cycles, and the array dispersion (AD) method which can construct good LDPC codes for correcting
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Balanced Incomplete Block Design
In this section, we give some basic concepts of balanced incomplete block design. A (m, n, r, c, λ)-BIBD satisfies the following conditions: 1) Let X={x 1 ,x 2 ,…, x m } be a set of m elements; 2)Let B= {B 1 ,B 2 ,…,B n } be a collection of nonempty subsets of X;3)each object x i (1≤i≤m) appears in exactly r of the n blocks;4)each block contains exactly c object;5)every two objects x i , x j (1≤i≤m,1≤j≤m, i≠j) appear together in exactly λ of the n blocks [12] .
Meanwhile, a (m, n, r, c, λ)-BIBD can be completely represented by its incidence matrix [12] H= [h ij ], based on the following definitions:
The incidence matrix of a (m, n, r, c, λ)-BIBD satisfies the following properties: 1) row weight of H is r;2) column weight of H is c;3)two distinct rows of H both contain "1"s in exactly λ of n columns [12] . 
BIBD-LDPC Codes
There are three types of BIBD-LDPC codes based on BIBD, namely BIBD-LDPC codes constructed from prime fields GF(6t+1) presented by Netto and BIBD-LDPC codes constructed from prime fields GF(12t+1) and GF(20t+1) presented by Bose. They can be represented as GF(m), m for 6t+1,12t+1and 20t+1. Let t be a positive integer such that m is a prime.Then there exists a prime field GF(m)= {0,1,2,…, m-1},let α be a primitive element of GF(m) such that the powers of α, α
give all the m elements of GF(m) and α m-1 =1. For instance, to form a Netto BIBD-LDPC codes, we first form t base blocks: 
H 0 is the parity check matrix of BIBD-QC-LDPC codes, and the above construction method of QC-LDPC codes based on BIBD is called traditional method. H 0 is a (6t+1) ×t (6t+1) matrix with row weight 3t, column weight 3, and density 3/ (6t+1). It is very small when t ≥ 4, and since λ=1, no two rows or two columns of H 0 have more than one position that has the same 1 (RC-constraint) [15] . Apparently, H 0 is composed of t CPMs of (6t+1) × (6t+1). Consequently, the parity check matrices constructed from the method all satisfy the conditions of QC-LDPC codes' parity check matrices. The null space of H 0 gives a BIBD-QC-LDPC code of length t (6t+1), and the Tanner graph has no girth 4.
As for H 0 ,where row or column weights of each Q i is 3.Each circulant, Q i (0≤i≤t-1),can be decomposed [16] into 3 component circulants, denoted as A 0,i ,A 1,i ,A 2,i .the following 3×t array of (6t+1)×(6t+1) CPMs is obtained:
H 1 is a 3(6t+1) ×t (6t+1) matrix with row weight t, column weight 3 and density 1/ (6t+1). The null space of H 1 gives a BIBD-QC-LDPC codes of length t (6t+1), and the Tanner graph has no girth 4. H 1 is also called the completely decomposed parity check matrix based on decomposition technique.
Three types of BIBD-QC-LDPC codes can be designed, as shown in Table1. 358
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Novel QC-LDPC Codes for Correcting Erasure Bursts
The RC-constrained arrays of circulant permutation matrices constructed based on GF (12t+1) is expressed as (4): 
Secondly, we obtain the sub matrices H 1BCSD (zq, zq)... , z) by the BCSD, where q is the number of cyclicshift for every block,q≥1 and q∈Z + . The main idea of BCSD method is described by the following instance.
For instance, take z=4, H i BCSD (4q, 4q) is shown in (7). Every 4 rows portioned by dash lines in H i BCSD (4q, 4q) is called as a block. The non-zero matrices of first block is corresponding to the first row of H i (4, 4), the second row of first block is a right parallelshift of the second row of H i (4, 4), the third row of first block is two right parallel-shift of the third row of H i (4, 4) , and the fourth row of first block is three right parallel-shift of H i (4, 4) . After filling the non-zero matrices of the 4 rows, filling the rest of the blank spaces with all zero matrices O. The rest of q-1 blocks in H i BCSD (4q, 4q) is expressed as (7). 
Because H satisfies the RC constraints, Tanner graph has no girth 4, H k also has no girth 4, with row weight kz, column weight z. The length of the zero-covering-span [14] of H i,BCSD (qz,qz) is at least (q-1)z×(12t+1), indicating that it can correct the erasurebursts at least(q-1)z×(12t+1)+1.Compare the BCSD with the AD about the shortest code length with same code rate based on GF(12t+1). Take z=4, the results is shown in Table 2 . From Table 2 , we can see that the shortest code length from the BCSD is far less than the shortest code length from the AD with same code rate obviously. This shows that the structures of the constructed BCSD-QC-LDPC codes are more flexible in selecting the code length. It is seen from Table 3 that the zero-covering-span of the BCSD-QC-LDPC codes is bigger than the AD-QC-LDPC codes with same code rate. That is to say, the BCSD-QC-LDPC codes have stronger ability for correcting erasure-bursts. Let t=21, α=3 define a Netto (127, 2667, 63, 3, 1)-BIBD. We construct a BCSD-QC-LDPC (4572, 3810) code with code rate 0.833 by taking z=3,q=2, k=6. The zero-covering-span of H is at least (q-1)z×(6t+1)=381, indicating that it can correct the erasure-bursts at least 382. Let t=18,α=3,if we take z=3,q=3,k=6,we construct a BCSD-QC-LDPC (5886,4905) code with code rate 0.833. The zero-covering-span of H is at least (q-1) z × (6t+1)=654, indicating that it can correct the erasure-bursts at least 655. From Figure 2 , the error correcting performances of three codes are also superior, and they converge very fast. 
Conclusion
In this paper, we present a novel method based on BIBD and BCSD to construct good QC-LDPC codes for correcting erasure-bursts. We compared the BCSD with the AD about its shortest code length with same code rate. The proposed method possesses flexible code length code rate and the decoding performance of the codes are very close to Shannon limit over the BBEC. On the other hand, the zerocovering-span of the BCSD-QC-LDPC codes are bigger than the AD-QC-LDPC codes with same code rate. It means the BCSD-QC-LDPC codes have stronger ability for correcting erasure-bursts.
The simulation results show that, the performance of BCSD-QC-LDPC codes perform better than BIBD-QC-LDPC codes, BIBDdes -QC-LDPC codes, AD-QC-LDPC codes and the ALDPC codes with similar code length over BBEC.
